Abstract. The bis-quinolizidine alkaloids such as sparteine, lupanine and their derivatives are produced by the plants of Leguminoseae family. 17-Hydroksylupanine can be obtained both:
Introduction
The alkaloids have long intrigued both chemists and biologists. These compounds, created via complex biosynthetic pathways, continue to provide structural puzzles and a diverse range of therapeutic compounds. Alkaloids have provided mankind with a wealth of medicines, poisons and potions for thousands of years. As the majority of drugs are still derived from natural compounds, there will continue to be interest in the identification of new alkaloids, both as drugs in their own right, or as pivotal intermediates for the synthesis [1] . Alkaloids naturally occuring in plants of Leguminoseae family such as sparteine, lupanine and many of their synthetic derivatives are very interesting both as a chemical reagents and of their biological activity. The natural compound sparteine 1 (Fig. 1) , the main tetracyclic bisquinoizidine alkaloid has been the subject of a great deal of experimental work because of its biological activity [2, 3] . It is known that sparteine and its the C-17-alkyl derivatives are characterized and distinguished by their valuable pharmacological properties: antihypersensitive, anti-pyretic anti-inflammatory, anti-depressant and particularly by their antiarrhythmic activity [4] [5] [6] [7] [8] . Lupanine 2 was showed to be metabolized by a Pseudomonas sp.
with conversion into 17-hydroxylupanine 3 as the first synthesis step (Scheme 1); the reaction is catalysed by enzyme -lupanine hydroxylase [2] . 17-hydroxylupanine can be also obtained by chemical reaction [9, 11] . Alkaloids of Leguminoseae family and many of their synthetic derivatives have been studied in details spectroscopically, by X-ray diffraction and for their biological activity at least 50 years but to the best of our knowledge it is the first time when one of them -17-hydroxylupanine -was found as a dimer structure in a solid state.
There are a few reports found in the literature described formation of bis-quinolizidine alkaloid dimmers. Previously dimeric sparteines described in the literature have been obtained synthetically [12] or in the electron-impact ionization chamber of the mass spectrometer at inlet probe temperature 200-280 o C [13] . Figure. 1 Structure of sparteine, lupanine and 17-hyrdoxylupanine 2-Oxosparteine (lupanine) 2 -alkaloid produced by many members of the Leguminoseae family has a structure similar to that of sparteine. For synthetic reason 17-hydroxylupanine 3 in our laboratory was obtained in chemical reaction, and described in this paper dimer of 17-hydroxylupanine 3 was obtained as a reaction product. 
Results and Discussion
There are a few reports found in the literature described formation of bis-quinolizidine alkaloid dimers. Dimeric sparteines described in the literature have been obtained synthetically [12] or in the electron-impact ionization chamber of the mass spectrometer at inlet probe temperature 200-280 o C [13] . Till now any other bisquinolisidine alkaloids had not been found as a dimers in a solid state without special synthesis method or only formed in ES MS mass spectra conditions.
It is quite unusual situation when organic compounds exist as a dimers in the solid state.
This fact has prompted us to examine the structure of 17-hydroxylupanine dimer with the application of spectroscopic methods.
EI Msmass spectra study
Our data demonstrate that both in crystals and in EI MS conditions 17-hydroxylupanine forms dimeric form. In EI MS conditions take place the dehydratation and dimeric form has a structure proposed in (Fig. 3 ). Observed molecular ion corresponds to the dimeric counterpart of 17-hydoxylupanine reduced by a water molecule. 17-hydroxylupanine is known as a compound which readily loses a water molecule. On the basis of the lowresolution EI mass spectrum, exact mass determination and B/E linked scan spectrum (Fig. 4) , the principal mass spectra fragmentation route of 17-hydroxylupanine dimer was determined.
Proposed fragmentation pathway of 17-hydroxylupanine dimer 5 is the same as that described in [13] . The feature of the mass spectral fragmentation of molecular ion of 17-hydroxylupanine dimer is the cleavage of N(1)-C(10), C(6)-C (7), C(9)-C(10) (ring B); C (7)-
bonds of the skeleton of bis-quinolizidine alkaloid dimer. In contrast to the EIMS spectrum of dimeric 17-hydroxylupanine described in [13] the most abundant (100%) product ion is the fragment ion (C 24 H Incidentally, the fist structural investigation of lupanine revealed a centrosymmetric structure, crystallizing in space group P2 1 /c, however all subsequent crystallographic studies of lupanine salts and derivatives yielded exclusively enantiomers. It was also possible that enantiomorphic twins were obtained, but this option has not been considered. In this respect the present study of (±)-17-hydroxylupanine provides new evidence of the natural synthesis of mixed lupanine alkaloids in plants. In the crystal structure the 17-hydroxylupanine molecules are hydrogen bonded by double O17-H···N16 bonds (Table 1 , Supporting Information) into a dimer, shown in Fig. 5 .
The dimers interact weakly in the crystal structure (shown in Figure 6 , Supporting Information). The shortest contacts of the lactam oxygen O2 is of 2.669 Å to H3b (the O2···C3 distance is 3.476 Å). The conformation of molecules can be described by the conformation of the piperidine rings: half-chair of ring A (N1-C6), chair of ring B (N1-C10), distorted boat of ring C (C7-C17) and chair of ring D (C11-N16).
Conclusions
In summary, it was confirmed by both analysis: EI MS mass spectra and X-ray analysis that 17-hydroxylupanine can exist as a two different dimeric structure and this difference depends on temperature.
Experimental

General Experimental Procedures
Low-resolution electron ionization (EI) mass spectra were recorded on an AMD-Intectra (D-accelerating voltage 8 kV, resolution 10 000). Samples were introduced by a direct insertion probe at a source temperature of ~180 o C. The elemental compositions of the ions were determined, using the same instrument, by peak matching method relative to perfluorokerosene.
Extraction and isolation
(±) Lupanine was extracted from Lupinus albus L. according to a literature procedure [23] .
For synthetic reason 17-hydroxylupanine was obtained in chemical reaction (not by a
Pseudomonas sp. because of low yield), and described in this paper dimer of 17-hydroxylupanine was obtained as a unexpected reaction product described below.
Synthesis with 17-hydroxylupanine (3)
Compound 3 was taken to the next synthesis step with Grignard's reagent (n-heptyl bromide and magnesium turnings in anhydrous diethyl ether). Reaction was monitored by TLC analysis using Dragendorf reagent for checking the reaction progress. After typical extraction with diethyl ether, diethyl ether extracts were collected and dried over potassium hydroxide.
Then were concentrated under reduced pressure. Reaction gave no expected reaction product -17-n-heptyllupanine but unexpectedly 17-hydroxylupanine dimer (4) as crystalline product. of 17-hydroksylupanine 4 were almost identical as described in [10] . Carbon atom numbering is showed below. Crystals of 4 were suitable for X-ray work and were obtained by crystallization in methanol.
17-hydroxylupanine -dimer
The diffraction data have been measured on a KUMA KM4-CCD diffractometer. The structure was solved by direct methods using program SHELXS-93 and refined by full-matrix least squares. All H-atoms were located from molecular geometry, except for hydroxyl H17 that was found in a difference Fourier map and refined; all H-atoms had their U iso refined.
Crystal data of 4: C 15 H 24 N 2 O 2 , fw = 264.36, triclinic, P-1, a = 6.8003 (8) 
Supplementary Information
Crystallographic data for the structure(s) reported in this paper have been deposited with the Cambridge Crystallographic Data Centre. Copies of the data can be obtained, free of charge, on application to the Director, the deposition number CCDC 982672, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).
Additional information on characterization of 17-hydroxylupanine dimeric form using 1 H-NMR spectrum ( Figure S1 , S2), crystallographic data (Figures S3) and the details of the diffraction experiment and results (Tables S1-S7 ) containing the crystallographic data for 17-hydroxylupanine dimeric form are given in the Supplementary Information, available at ....
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